THE ECOLOGICAL RELATIONS OF THE VEGETATION 
ON THE SAND DUNES OF LAKE MICHIGAN. 

enry Chandler Cowles, 

[Continued from p. 7 / 7 .] 


J. The upper beach. 


In the strictest sense the upper beach is not a portion of the 
•each at all, since it is beyond the reach of the waves; it might 
perhaps be called a fossil beach, but the fact that it is contin¬ 
uous with the beach proper seems to exclude that term, as does 
t- recency of its fossilization. The expression fossil beach will be 
reb>er\ed for a formation of greater geological age and separated 
from the present beach by other topographic forms. Where 
unt.s ,lre superposed upon the beach, the upper limits of this 
h'ird beach zone are quite vague, though the theoretical line of 
wnarcation is where the sand is first accumulated by the wind, 
ere clay bluffs are present at the water’s edge, the beach is 

|| Ulte narrow anci the upper limit fairly well defined, though at 

S °hscured by alluvial fans. Occasionally the upper beach 

_ . J rr . 


approaches very close 


^ -- B to the water’s edge; this is the case 

a ; ii h C ^°' ver an< ^ middle beaches are very narrow because of 
r t’h lient. Sometimes the lower or middle beach zone is 

o b\ a tiny cliff; in such a case the upper beach may 

*DDrnarVi ri 

10 the edge of this cliff. The limits of the upper 
wer p S °^ ler heach zones, are constantly shifting. The 
uint tm,tS are carr i ec l lakeward or landward by the waves of 
a the whole the lower limits are pushed out 

chi r 1 m ° re ^keward, keeping pace with the advance of the 
u l’P er lim 10 Shiftin & ^ ie w ^ nc ^ causes variations in the 

Untied ^ ° n vv ^°^ e the dunes likewise are commonly 
The th n ° rC an< ^ more lakeward, as will be shown further on. 
^gularl ^ Ch f S ’ then ’ shift year to year with apparent 


3^' but the - 


appears to be as a resultant a general pro- 
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gressive movement of them all out into the lake. As a whole 
the three beach zones slope gradually and somewhat evenly 
upward, toward the dunes or bluffs beyond ; depressions, how¬ 
ever, are not at all uncommon, and at times they reach down to 
the water level, so that a beach pool results. 

The life conditions are much less severe than on the middle 

I 

beach, and chiefly because of the freedom from the wave action 
of the winter storms. The exposure to the sun is almost 
great as on the lower zones, but there is more protection trom 
the wind because of the abundance of driftwood. The protec¬ 
tive influence exerted by piles of debris is finely shown on the 
beach at North Manitou island. The upper beach along the 
south shore of the lake is usually very sandy and comparative 
free from driftwood, while the North Manitou beaches are coi 
posed chiefly of gravel and shingle with heaps of driftwood pil ' 1 

9 « 

about in the greatest confusion. The North Manitou flora is or. 
of marked luxuriance, compared with the more southern typ'-. 
and many mesophytic species are able to get a foothold in thfi 
more genial conditions there obtaining. The decay of the dn 
wood may also add no inconsiderable portion to the food mater 
ials of the beach plants. 

The flora of the upper beach is much richer than that of t 
middle beach, both in species and in individuals, but here 
there the vegetation is so sparse that the tone to the landscap 
is given by the soil. In the region as a whole the most c ^ ar 
teristic species of the upper beach are Artemisia caudate an 

Canadensis. 1 


At nearly all places visited between Chicago and h 


island Artemisia 


was present and commonly in 


a 


bunda nce 


Another plant associated almost everywhere with Art e ^ 
is Cmcus Pitchen; this thistle is seldom so common as Art 
but scattered specimens are pretty sure to be discovere 


T y pical forms of both Artemisias have been found, as well as all ’ ^ 

gradations, and it is all but hopeless to try to determine which is the 
Without careful examination of all the plants in time of fruit. Both species 
cent in beach and dune habitats, although A. Canadensis is the more so. 
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upper beach. A species scarcely less important in this connec¬ 
tion is the beach pea, Lathyrus maritimus, another marine plant; 
locally the beach pea is often the dominant character plant, 
especially northward. Three other species are character plants 
over wide areas, as the above three are throughout. Etiphorbia 
polygonifolia is a character plant at many stations between Chi¬ 
cago and Glen Haven; its absolute abundance is often as 
marked on the upper as on the middle beach, though its relative 
importance is much greater on the latter. Agropyrum dasysta- 
chyum and CEnothera biennis are as characteristic of upper beaches 
northward as Euphorbia is southward ; Agropyrum especially is 
usually a dominant character plant north of Glen Haven. 

None of the above six species are confined to the upper 
' cai 'h. Artemisia is found in most dune societies inland, espe¬ 
cially in comparatively naked places. Cnicus is frequent on the 
'knc complex, though less abundant than on the beach, as is 
true of Artemisia. Lathyrus appears to be more restricted 
In as habitat, and in that sense is more typical of the upper 
eac h» though it sometimes occurs on clay bluffs. Euphorbia 
j ccars on the middle beach and also on naked dunes, though 
CSS tre< l u ently. Agropyrum, though characteristic of northern 
^1 per beaches, is still more characteristic of the embryonic 
nc ^- fEnothera occurs on oak dunes and commonly also as a 

'^Sophyte. 

^ t this point it will be well to emphasize one of the funda- 
.I )r ' nc ’ples of ecological plant groupings. It is compara¬ 
nd i Se ^ 0m an y single species can be regarded as 

t n s *• C ^ arac ^ er ^ s ^ c °f a formation, while a group of five or 
Lrnv Can S ° se ^ ec t e d as to enable one to detect that 
alcove ° n a ^ m ° S ' : an y vv here within a large area. No one of the 
Ppw kT S ^ ec * es can b e regarded as perfectly typical of the 
t°g e ti ea ^’ though Lathyrus approaches such a type, but 

other for • ^° rm an assem blage that cannot be found in any 
beach exce pt perhaps locally on the closely related 

upp cr b ea ^ ^ ven °n these beach dunes, which grade into the 

- the relative proportions existing betw r een the above 
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species are very different from those found on the beach, and, 
as will be shown later, plant species occur on these dunes which 

are absent from the beach altogether. 

Of the six chief character species of the upper beach, three 
(CEnothera, Artemisia, Cnicus) are commonly biennials, Euphor¬ 


bia is an annual, while Lathyrus and Agropyrum are perennials 
with decidedly social habits through extensive rhizome 
tion. Thus the perennial habit is much less common on the 



upper beach than on the dunes. 


The three biennials pa=' 


through the winter in the form of ground rosettes, tall shoots 
being sent up in the spring. Cnicus has a noteworthy protective 
covering of woolly hairs. 

There are several plant species very characteristic of the 
embryonic dunes on the beach, which also occur on the upptf 
beach proper, though rarely in great abundance. Notabe 
among these plants are Ammophila arundinacea , and El)^ 

Canadensis. Ammophila occurs about equally throughout, "hie 

Elymus is much more characteristic northward; indeed on 1 
northern upper beaches Elymus is sometimes as abundant - 

Agropyrum or Artemisia. About Chicago Elymus is aconuno® 
character plant of the dunes, but rarely of the beach. Bet" e ’ 

1 • — _ _ ^ a l* 


the upper beach. 


Asclepias 


ifoli 



acter plants of the active dunes, is sometimes found on , 

beach, as are Solidago hutnilis Gillmani (plants large, but 


Lithospermwn 


— — * r J j rruirri, ru' . 

characteristic of rejuvenated dunes, fossil beaches, and n 

_ _ J 1 « 1 ~ ~e% tii 


Corispermum hyssopifoliiim 


r J 1 J • 

abundant than on the middle beach, although the latter is ^ ^ 
times a prominent upper beach type. The forms ^* sCU ' . 

this paragraph are perennials, with the exception of the l* 5 


as they are all of secondary importance, in realit) r e P 
he vanguards of a flora which is more at home tar 


there 


seems no necessity for any further defense 


of the 


that the upper beach flora is not typically compo se< ^ 0 P 


inland 

idea 

ere* 1 ' 


nials. 
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All of the species discussed up to this time are herbs, passing 
the winter near the surface of the soil or underneath it. The 
exposure to which shrubs and trees are subjected during the 
winter is so severe on the upper beach that few of the many dune 
species have representatives there. The individual shrubs which 
brave these conditions are relatively scattered, while the plant 
bo'lv is stunted and bears signs of the severe environment pro¬ 
dded by the beach. Much the commonest shrub, and the only 


balsamife 


ut, is Pnmus pumila , the sand cherry 
Populus monilifera southwai d and Popu 


adenophylla, and Ion gif oh 


I be most striking feature of the plant life on the upper 
beach is the difference in its development at different localities, 
bhe luxuriant flora of the north is in marked contrast to the 
impoverished flora at the south end of the lake. The Dune Park 
each, for example, is tenanted only f by Artemisia, Cnicus, Cori- 
i ermum, and a few scattering plants of other species. An upper 
ac h on North Manitou island showed a great abundance of 


• Artemisia, Lathyrus, CEnothera, and Populus halsamifcra, 
->ether with thirty-four other species which were rare to fre- 
^ h Among these other species several are of considerable 
es ^ ’ Anemone multifdii, which also occurs on the beach at 
co and on several fossil beaches; Preneinthes alba, 

dk- b> n ^ ' Vooc ^ s an< ^ thickets but seemingly out of place on 
q . ac ’ Equisetum hyeniale, which grows almost anywhere. 

S ‘ m ‘ ar beache s at Empire, Achillea Millefolium and Equisetum 
arev * W ° ^ an * s "diich never grow on the beach farther south, 
"b''for Un ant " Arabislyrata and Polygonumramosissimum(?)* t 
°n an ^ ^ 011 * be inland oak dunes about Chicago, occur 

Tho ^ ° Se d u PP er beach at the north end of Beaver island. 

b^acln-s S ° r ^ rea ^ luxuriance of the northern upper 

heater afe 6 °^ V * OUS- ^ bas been previously^ stated that the 
mav f l!rn - J h ndance driftwood on the more northern beaches 

considerable protection. This cause seems hardly 
re Warkable dwarf pi , . , ^ 

Polygonum with six stamens, very different from the type. 
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adequate to account for the great differences, and it may be that 
climatic or other less apparent factors may have to be called 
upon. The luxuriance of the northern forests as compared witl 
those about Chicago may need in part a similar explanation. 

Interesting beach conditions are to be found on some smal 
islands that have recently formed on reefs in the vicinity of 
Heaver island. During the winter and spring blocks of ice laden 
with stones are stranded on these reefs ; thus they are gradually 
built up to the lake level. Wave action comminutes the ret' 
materials forming a soil suitable for plant life; the waves ami 
winds also constantly add to the area of the islands. One such 
island is about 200 meters in length, five or ten meters 


i. 


in 


width. 


and 


scarcely thirty centimeters high. The flora of this un pro* 

tected island is a swamp flora, i. e., the island is in its entirety ■> 
hydrophytic beach. Another island, somewhat larger and con¬ 


siderably older, has an altitude of 


one or 


two meters at its high¬ 


est point. The beach toward the southeast, east, and northeas 

is hydrophytic, while that toward the northwest, west, and south 

west is xerophytic. Undoubtedly 7, the degree of exposure to the 

w r ind is the chief cause which determines the nature of the Hot- 
on this island. Not only is the wind more severe on the " e - 
beach, but the waves pile up more sand on that side of the isl 
and hence produce a drier soil. The flora on this xerophy* - 
upper beach is remarkably' complete and diversified! showing 

Above the middle beach then 


distinct zonal distribution, 
zone characterized by r the dominance of Elytnus 
a zone of Geranium Robertianum , then a zone of Artewisia & 
densis , and finally' a zone in which Cornus stolonifera (or C. S • 
into which it grades) is the chief character plant. 
more or less with these are Primus pumihi, CEnothera biennis i < 
s waritimus , Cnicus Pitcheri, Agropyrum dasystae hywn , and ^ 
tus balsamifera. Pastinaca sativa and Geranium Roberta* ** 

and 

beach, 


remarkable inhabitants of a xerop 


since both are usually' inland mesophytes. 

P ants occur on this beach that are south of their chief range ^ 
are in the Lake Michigan region, Tanacetum Hurone*% 


JJ 
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Anemone multijida. The flora of this isolated island beach is 
remarkably prolific ; scarcely a single upper beach type is absent. 
It is obvious that the means of plant dispersal are so uniformly 
successful, that almost an entire flora may be transported to a 
newly formed island within a few years. 

One other common feature of upper beaches should be men¬ 
tioned. As noted above, there are irregularities in the slope of 
the beach often resulting in depressions which reach below the 
water level. Such depressions may be called beach pools and of 
course have a hydrophytic flora; this flora, however, is not the 
flora of a hydrophytic beach. Beach pools are relatively pro¬ 
tected from the action of winds and waves; the chief difference 
from a hydrophytic beach is that the latter is washed by the fresh 
" iters of the lake, while the beach pools are far less constantly 
supplied with fresh water. The conditions in the latter approach 
somewhat those of the ill-drained inland sloughs between the 

• , o 

San • ri( % es - By far the most characteristic plant about the 
P°ol margins is Juncus Balticus littoralis; this species is more 
• '-rophuic than most of its genus, and often creeps well up on 

exe rophytic upper beach. Triglochin maritima , Potentilla Anser- 

? and several species of Salix also occur about the margins of 
the pools. 


4 • Fossil beaches 


tions 


cgions where dunes are superposed upon the beach, por- 

^ ^ eac h may remain unoccupied by the wind-blown 

h ts be aPPear ‘ ,lg aS ^ an< ^ s * n a sea °f dunes. Or a beach which 

en co\ered by the dune-complex may later be uncovered, 

Cai '' the* ^ rave ^ an< ^ shingle of an ancient shore. In any 
th* j r. e anc ' en t or fossil beaches, separated as they are from 

''ndthT 1 * bCach by dunes, are more highly protected from the 
Tjj c CQ j . n ^ eac hes which have been previously described. 

grad T^ nC * S ^° Se their energy while sweeping up 

s d«rabl h Sb, ^ es an or dinary r beach, but their force is con- 
Ittn Jn ^ 0 r °^ en b y a line of dunes. Fossil beaches which have 
to a j. ere< ^ b y dune complex occur at Dune Park, but 

a muted extent that a typical flora is not developed. 
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The most extensive fossil beach observed was at Glen Haven, 
where an area several hectares in extent has been denuded of its 
covering of sand to help supply the extensive dune complex. 
Similar but smaller fossil beaches were seen at Saugatuck and 
North Manitou island. Associated with the fossil beach is a 
formation which may not represent a beach at all. In the 
general description of the region, reference was made to the 
high terrace-like bluffs along the northern portions of the lake 
shore. These miniature plateaux, from which former sand dunes 
have doubtless been removed, exhibit a surface of gravel, which 
produces the appearance of a fossil or a true beach. The mo 4 
extensive of these flat gravel-topped hills are at Glen Haven, 
similar but less extensive formations of this type were seen at 
Frankfort and North Manitou island. 

The floras of the fossil beaches and the gravel terraces i-» 
meters above the present beach are essentially identical, although 
the latter apparently have a greater exposure. Both the beaches 
and terraces have a flora which resembles that of the upper beach 

» A r 

in a general way, but there is a pronounced decrease of most o 
the typical beach forms and a pronounced increase of the morf 
inland types. Thus the flora clearly illustrates the greater p rt 
tection from exposure which is enjoyed on the fossil beac 
The Artemisias are as characteristic of the fossil beaches an 
terraces as of the upper beach, but none of their five chief bea 
associates retain their prominence here. Cmcus Pitchen occ 


(E no them 


Euph 


polygonifd 
ly and only at the 

J _ n/lt 


lower level; Lathyrus, Corispermum, and Agropvrum were 

fminjjkaf jjaii | _J n p[ ace G f these upper beach plants 

v crowd of associates. In general the * erra 


found at all. 
sias have a new 


;. Arttmi 


ujjuvuuv-J. *** &- 

tind fossil beaches have four dominant character plants, 

Canadensis (or A. caudata j as already named, Sohdago 

m m. m w * • « 


A ndropogon 


partus 


, - /iri,? viirrt, auu x ± nu r v J 

dago and Lithospermum were noted as occurring at times 
upper beach, but they are far more common here. An 
was not observed on the true beach, but is very common 


Soli 

n 
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fossil beaches and terraces, its scattered bunches or tufts form¬ 
ing one of the chief landscape features. 

On the more northern fossil beaches several species are almost 
as characteristic as those named in the preceding paragraph. 

among these forms are Zygadenus elegans . Campanula 


rotundifoli 


and Arenaria Michauxii; northward these 


types are almost wholly confined to the fossil beaches or terraces, 
although Zygadenus is sometimes present on the upper beach. 


!iltifidi 


and Arab is lyrata occur 


noitlnvard but are less frequent. A very interesting plant which 


SO 


Hudsonia 


! '"tul tor its habit of forming scattered clumps of densely 
^ !ted growths. Other occasional tenants of the terraces and 
f' ^il beaches are Populus monilifera , Primus pumila , Calamagrostis 
l° n gifolia, and Solidago nemoralis. 

” hile the fossil beach looks backward to a true beach history, 
Comnion ly looks forward to a heath. Largely protected from 

C accumulation of sand, they' furnish a situation favorable for 
e development of a juniper-bearberry heath. Such heaths are 
process of formation at Manistee, North Manitou and else- 

described in another place. 


B. 


the embryonic or stationary beach dunes. 


°f rapid growth (p 


embryonic dunes ). 


■ 1 " } ° l a ^ e winds which blow across the beach have a sur¬ 

plus of enprrr, 1 

a[1 . > ar| d are able to select out the finer grains of sand 

Hans ^ ^. 1Crn ^ art h er from the shore. The action of the wind in 
• 1 tation is analogous to that of water. The finer particles 

ari . p| U 1 J k ( xin\ r by the air currents, while the larger particles 
° Wn or rolled along on the beach. Whenever an obstacle 



ni j 'pi 016 ° r l° ad is necessarily'’ deposited by the 

”«siaci e coarser particles are deposited upon or about the 
lee side 'a ^ ^ ner particles form a diminishing trail on the 
laden win ^ S ° on as de[)osition is sufficient to relieve the over- 
’a (h jj s | ’ ^ lc bailing of sand ceases, and the wind continues 

ened lc>ad until another obstacle is reached. So long 
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as the wind blows continuously from one direction, the mound of 
sand keeps growing and the trail to the leeward becomes more 
and more conspicuous. Indeed, the growth increment is often 
greater during the later stages of a continuous wind current. 
since the growing mound of sand becomes more and more an 
obstacle to the progress of the laden wind. As a result of this 
action, there appears a topographic form with a steep windward 

side and a gently sloping leeward side. 

When the wind changes, the trails of sand are no longer in 
the lee of the obstacle, but are more or less exposed to the wind, 
and hence are rapidly removed. The contour of the mound is 
changed and there results, just as before, a topographic 
steep to the windward but gently sloping to the leeward 
will thus be seen that it is always possible in dry weather to 
determine the direction of the last strong wind by observing the 
position and direction of the leeward trails of sand. A clun ? 
of grass with a poorly developed leeward trail may be seen in 

the foreground of fig. 4. 

Under ordinary conditions no permanent results follow f i< - R ' 
such wind action as has been described, since one wind destroy 
the products of another. There is, perhaps, a tendency for * 
to accumulate on the landward side of obstacles, since the energy 
of the lake winds is likely to be greater than the energ) of 


form, 


It 


from other directions. But 


no extensive 


dune formation can 


occur on the beach, unless the obstacle, which compels the* 
to deposit its load, is itself increasing in size. A mound of s ^ 
which is being built up by the wind, becomes more and m ’ 
formidable obstacle to the progress of the sand-laden cur 

, . . r o 1 o fliOUfW 

and it might be supposed that the growth of suen a 
would continue indefinitely. Such does not appeal to ^ 

case on the beaches studied. The wind blows over the _ 

from so many directions and with such resistless ener »- ^ 
mounds of sand rarely accumulate without the aid 

factors. ,.- 

The formation of beach dunes, then, depends upon ^ 
more than wind and sand. An obstacle is needed " 
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grow pari passu with the dune, and such an obstacle is furnished 
by a number of perennial plants, which spread by means of rhi¬ 
zome propagation. These dune-forming plants must be peren¬ 
nials ; otherwise the dune would be destroyed at the end of the 
growing season. Such annual dunes are very common on the 
beach. Clumps of Cakile have been seen, about which there is 
piled a miniature dune. In the same manner there may be 
formed biennial dunes about individual plants of Artemisia or 
Cnicus. A perennial dune, however, requires perennial dune- 
termers. A second necessity in a dune-former is the ability to 
sptead radially by rhizome propagation, for only in this way can 
the area of the obstacle and the area of the dune be enlarged. 
The only notable exception to this rule is found in the case 
" cottonwoods and such perennial grasses as Andropogon and 
d)nuis, these plants grow in groups or tufts and will be 

later. 


The plant which serves as an obstacle for the wind must also 
posses^ the power of growing out into the light when buried by 
e san<b "This property permits the rise of the dune in altitude, 
■^^Opagation permits the increase in area. Most 

P nts are excluded by reason of this third requirement, partly 

use they are unable to rise above the sand when buried, and 
^ ) because stem elongation increases the difficulty of draw- 

(] J ^ sufficient supply of water from the soil. The roots of 
anrfur j °^ en uncovered and exposed to wind and 

n * b ast ac tion; hence pi 

4 ne-f UrC Cann0t UVe in SUch a habitat - In short ’ a successful 

r , M 0rmer must be able at any moment to adapt its stem to a 

ronnient or its root to a stem environment. The vicis- 

existence On an emhrvnnir Hunp are (Treat 


ants unable to survive a period of root 


srtudes 


»k ere ,v ' v ' on an embryonic dune are greater than any- 

l klitio a ^ a ^ ew points on the dune-complex. In 

* ast ( r ° above particular requirements, a dune-former 

s *hcme ° UrSe ’ be perfectly equipped with a set of the most 
l>€ach io .I ro P b ybc adaptations. Nowhere else except on the 
The ° ^ reat ex posure to heat, cold, and wind. 

st ty pical and successful of all dune-forming plants 
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Fig. 3. — Embryonic Ammophila dune on the beach at South Chicago, some years older than that shown in Jig. 

Sinuous trough at the center, where there is no vegetation. 
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along Lake Michigan is the sand reed, Ammophila amndinam. 
The life history of an Ammophila dune will now be given, and 
may be taken as the average life history of a stationary beach 
dune. Whenever a tuft of this or anv similar grass gets a foot¬ 
hold on the upper beach, the sand drifts along and is lodged in 
between the stems and leaves, as already described (see fore¬ 
ground, jig. j). The leeward trail of sand changes its position 
as the wind varies its direction, but the sand deposited between 
and around the blades of grass is not easily' dislodged. The 
radial propagation of the tuft of grass causes an areal extension 


of the miniature dune. So, too, there is an increase in altitude, 
since the grass constantly' grows higher in its endeavor to lift 
itself above the sand. This upward growth enables more sand 
to accumulate; in other words, the grass and the dune grow /<w” 


passu outwards and upwards. The result of several years of thh 
symbiotic growth of dune and grass mav be seen in Jig. whi'-h 
represents a small embryonic dune on the beach at South Chi* 


cago, Ill. The general contour of the dune is seen to be deter¬ 
mined by the Ammophila ; toward the left is the leeward trail 
of sand left by the last wind. Fig. ? represents an older and 
larger Ammophila dune on the same beach, viewed from the 
lakeward side and hence not showing any' leeward trail of sand. 
Not only is the general contour of this dune determined by the 
Ammophila, but there will be observed a somewhat sinuous 
trough toward the center, where there happens to be no vegeta 
tion. This shows how readily' the dune would be removed wt 1 * 
it.not ;for the plant life present. Thus Ammophila is not £> Dj ) 

an efficient dune-former but also a dune-holder. 

V\hile Ammophila is the most common dune-forflief 
perhaps the best adapted for that difficult task of all our 
shore plants, many other species play a similar role. 
northern beaches Agropyrum dasystachyutn is very common ** 
dune-former; its habit is exactly that of Ammophila, and ***_ 
quently needs no description. Elymus Canadensis and C& 
,gio$tis longifolia may be regarded as dune-formers, but ^ 

are of less importance than Ammophila and Agropy rUin 
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Fig. 4.— Kmbryonic dunes on the South^Chicago beach. Tuft of grass in the foreground just beginning to collect 

sand, also with a leeward trail. Dune at the center formed by many tufts of^Elymus acting together. 
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typical Elymus dune, as found on the South Chicago upper 
beach, is represented at the center of Jig. 4. These grasses 
grow in tufts and do not have any extensive vegetative propa¬ 
gation, but the tufts may be so close together as to act like; 
large social clump of Ammophila. 

Certain shrubs are of almost equal importance as dune- 
builders with the grasses. Among these, the willows, Sail r 
adenophylla and S', glancophylla, and the sand cherry, Prunuspumtia 
deserve especial mention. All of these shrubs have social 
habits, and rapidly increase their area of control in all directions. 
The willows are particularly well fitted to build up a perenma 
beach dune. They are about as well adapted to a xerophvtic 
environment as are any of the grasses, and their vegetative 
increase is about as rapid. The fact that they are shrubs an 
have a greater power of vertical stem elongation makes then 
even better fitted to rise above the sand. When a shoot ot 
of these willows is buried, roots are sent out from all the buried 



1 llL WUlbW 


portions, even up as far as the floral axis. JJ 
be uncovered without suffering serious injury. In short, the 
species of Salix are able to adapt their stems to a root environ 

wH* ' td i : ><k <' : 

ment, or vice versa , better than any other plants found along 

_ _ tt . ... . . . 1 -i. « kiltie* 


coast. Hence the willows stand abreast of Ammophila as 
formers. Another shrub that seems to have all the neces-Zb 
requirements for a dune-builder is Cornus stoloniferd (of 

Baileyi ) , though it is probably less fitted for a xerophvtic 

however, Cornus dunes are by no means rare on the beach. 

The only trees which make any significant contribute 


life: 


ft 


Populus momlife 


and P- w*' 



| \a. Of these, the former is the more important, osp e • 

southward. These trees have little or no vegetative proper' ^ 
of the willow type. Every year great numbers of cotton^^ ^ 
sced;> germinate in protected depressions on the upp er ^ 
A.-> the young plants grow rapidly, it is not long before the ^ 
groups dense enough to retard the sand-laden w inds. ^ 

cottonwood dune is formed, a type which characterize*^ 

Lake Michigan shore at very many places. A cottonwo 












DUNE FLOE AS OF LAKE MICHIGAN 





V 





V 

V 




CL 

V 

u 

o 





c 

o 





QJ 

> 



o 






. c 

T3 tf 
O 4/3 







V 

3 - 

o 




CS 

o 

c 


/i 

to 

V 

a. 

a> 


u c/2 









fi 


v 

V 




K 







































184 


BOTANICAL GAZETTE 


[march 


a number of years old is shown in Jig. 5. It is possible to sec, 
even from the photograph, that the lower portions of the trees are 
covered by the sand. The growth of a cottonwood dune, there¬ 
fore, is of a symbiotic nature, exactly as is the growth of ai 
Ammophila dune, in spite of the great difference between the 

life habits of these two dune-formers. 

The controlling part which plants play in dune formation it 
still further shown by the variations among the embryonic tlunt 

as to area, shape, and height. Dunes that are formed by Agro- 
pyrum, Ammophila, or Salix are capable of indefinite areal expan¬ 
sion, since these plant types have extensive vegetative propaga¬ 
tion. Populus or Elymus dunes, on the other hand, always retail 
essentially the same area, since there is little or no vegetatiw 
reproduction, and since the opportunity for any further develop¬ 
ment of seedlings is removed. Young seedlings are often fourc 
in the moist sand of the depressions, but never in the dry sanu 
of the dunes. The Agropyrum dunes are always very low, 
dom if ever a meter in altitude. The Ammophila dunes arc 

higher because this latter plant type has a greater p° uer 1 
upward growth than has the former. Both the Agrop) 
and Ammophila dunes are alike in being relatively l ar £ e * 
low, with slopes almost as gentle as those of the beach. 
Salix dunes are equally large, but higher and steeper becau- 
the greater power of upward growth. The Prunus dune -5 
very small because of the slight vegetative propagation, an . 
they are relatively high and steep because of the pronoun 

power of upward growth. ha'ifl? 

The cottonwood dunes are the highest of all, often 

<-* * or * 

an altitude of several meters, because the cottonwoo ; 

higher than any other dune-former; they are also the ‘ ^ 

because there is no vegetative propagation. The steep ^ ^ 

a cottonwood dune is shown in Jig. 5/ the marks in the 

the right are the paths made by the movement of the s ^ 
the steep slope, and indicate a gradient of about 3® 
and j indicate the gentle slope of the Ammophila du ’ 
cottonwood dunes are commonly long ridges parallel 
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shore. This is partly due to the fact that the depressions in 
which the seeds germinate are parallel to the shore, because of 
wave action. The prevalence of lake winds perpendicular to 
these ridges also helps these topographic forms to retain their 
original shape. Summing up this matter, then, the area of a 
beach dune is determined chiefly by the amount of the vegeta¬ 
tive propagation of its tenants, the steepness is determined by 
the rapidity of this propagation, and the altitude by the power 
«»f the dune plants to increase in height. 

the dune-forming species, Ammophila arundinacea and 
Sahx adenophylla are the most abundant, occurring almost every - 
here that beach dunes exist. These two species are most at 
ome when half-buried in the wind-blown sand, and occur much 


Of 


less frequently in other 


associations. 


charact 


longifoli 


pumila 


occur throughout the region, but are less 



eristic of the beach dunes than are the first-named species. 

11c i r 

s corni non on the upper beach, as already shown, and 
n the h^ath ; Calamagrostis is particularly characteristic of 


he larger active dunes 

at Glen U . ' is 

hom a ' en an ^ ^ art l )er n orth, and, like Ammophila, i 


Agropyrum 


le on the beach dunes. 


is most at 


r p. - * vj'iimj rnunlHfcru 15 vci \ tuunuun 

farther ' 60 ^ a ' en * ^ le c °ttonwood dunes are usually formed 

northward t° d the other This species is replaced 

(an <itcatts (h S ° nie cxten f- I 3 }’ Populus balsamifera and its variety 
is rni;c j 1 1 sorne finies on the same tree !) , though this popular 


less of 


Kophylla is frequent 

' more characterise 


a dune-former than the cottonwood. Salix 


on the beach dunes, especially southward 


of Cortttis / ; “'' lul5UC of the swamps; the same may be said 

*hcre r,n «l m * era ' Ely mils Canadensis is not abundant any- 
A 0 ” ,he ^ach dunes. 

paragraphs s ^ cor °H ar y may be deduced from the last three 
t;ic life hab' lnCC Var '° us c l une forms are caused by differences 
: nbution of ^ ^ 1C ^ une ‘^ orm ing species, it follows that the 

Nation f,f ,l ^ erta ln topographic forms coincides with the dis- 

- «* 

e sout h end of the lake. The steep ridgelike 


Low dunes of the Agropyrum type 
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cottonwood dunes are common southward, but rarer north¬ 
ward, since cottonwoods are rarer northward. This is only one 
of the many cases where ecology helps to interpret physiography. 

The dune-forming plants are not the only tenants of the 
beach dunes. Most of the species that grow on the upper beach 

- • I 

are also frequently present on the dunes. Those of especia. 
importance are Artemisia Canadensis (or A. can data ), 6 num 
Pitchen , Lathyrus maritimus, Euphorbia polygonifolia , and ionsf'o- 
mum hyssopifolium. By reason of its extensive vegetative prop 1 ' 
gation, Juncus Balticus littoralis sometimes serves as an obstacle 
to sand-laden winds, and by a limited subsequent growth re°. 
in the formation of miniature dunes. Lithosperniutn htrtuft. 


enatt’ii 
It should 

likelv 


though more characteristic of embryonic heaths and reju\ 
dunes, sometimes ventures out upon the beach dunes 
be likewise noted that any of the dune-forming species are 
to grow on dunes that are formed in the main by others, althougfl 
the vegetation of individual embryonic dunes is often comp 0 
of a single species. 

Though no plant formation anywhere can have a much lar ft f 
percentage of plants that are entirely independent of 
plants, the beach dunes, nevertheless, have occasional form- d 

are parasitic, saprophytic, or 

Basidiomycetes have been found in the most open places 
ing their nutriment from buried driftwood. The nioS * j§L_ 
parasite found was Aphyllon fasciculatum , a plant which de - 
its nutriment through attachment to the roots of Arteim - 


epiphytic. Various unidentifi 


dern- 

table 


Lichens are abundant on the cottonwoods at all places 
not directly exposed to a fierce sand-blast action 


that a* 
Conio ' 05 
Thtloschrf 1 


lichen species in such places are Physcia ste Harts, 

concolor, and Placodium sp. 

Interesting beach dunes were seen on the shores o h 
inland lakes, Crystal lake, near Frankfort, and Fount 
Beaver island. In each case the lakes approach a dune ^ 
the shore of Lake Michigan, suggesting the probable ^ 
the sand; there can be no question, however, but that ^ 
composing these beach dunes was washed up • 
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the small inland lakes and worked over by the winds, exactly as 
described in the preceding pages. The dune-forming winds at 
Crystal lake are easterly winds, chiefly because the source of sand 
is on the west side of the lake, and it is on the west shore that the 
dunes are located. There are typical Ammophila dunes at this 
|ioint. Among the other plants growing here are Artemisia, 
Cnicus, Pop ulus, Cornus, Prunus, Lathyrus, CEnothera, Corisper- 
nitiin, Calamagrostis, Elymus, and Juncus. At no place on Lake 
Michigan was a more typical and varied beach and beach dune 
liura observed than on the west shore of Crystal lake. 


2. Dunes of slow growth {secondary embryonic dunes). 

bune formation is by no means confined to the upper beach, 
but may take place anywhere that the sand is able to collect, 
provided the plants at that place are fitted to be dune-formers. 

e * orrncl fi°n of dunes on the dune-complex and on rejuvenated 

unes is essentially like that on the upper beach, and will be 

cussed later. New dunes of a very interesting type are in 
. ocess of formation on many fossil beaches and on the gravel 
aces. As has been previously stated, the terraces and fossil 
ies aie better protected from the wind than is the upper 

toach, and there 


’'Ora, but also 


b 


1 


are present. Several of the beach dune- 


w • 

is in consequence not only a more luxuriant 
a different plant assemblage. The sand which 
ouslv j Cr ° SS ^ ese places, though less in quantity' and less furi- 

r • ri 'en, nevertheless is capable of dune formation if the 
f°I* r plant species 

formers 

’’P s nail CCUl ° n ^ le terraces an d f oss d beaches, and build 
PruniK * j n rf S ‘ Amon S thes e are Ammophila, Calamagrostis, 

V*’ a J§ , :P°pulus. 

on terraces and protected fossil 
° ne *-l le most interesting is A ndropogon sc of anus. 


V 


mong the dune-formers 


“caches 

This 


t 


already 


grass grows 


m tufts and is very abundant, as has been 


collected. 


, ted. About each tuft 


a mound of sand has often 


area 


1 And 


photograph showing the striking appearance of an 


appearanc . r °^°^ 0n drmes was unfortunately'' spoiled, but its 

like that of an area of roches tuoutonnies , as 
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figured in geological works. Hundreds and sometimes thousand.' 
of these miniature dunes may be seen in a single landscape. 
Arctostaphylos Uva-ursi and Jimipents Sabina procumbens aje dune- 
formers within moderate limits. Both of these shrubs are pro¬ 
cumbent creepers, and hence unable to rise above the sand to 
any considerable height, probably never as much as a mcte r 
above their original position. It is for this reason that such 
hardy plants as these cannot grow successfully on an upper 
beach that is exposed to extensive sand drifting. The above 
three species are the most prominent dune-formers in protect 
places. Arctostaphylos dunes occur throughout, and are not 
confined to fossil beaches, but are also common on expose 

^ m 

heaths. The Andropogon dunes were not seen except on toss 
beaches, although this grass is common along the entire coast 

The Juniperus dunes occur chiefly northward. 

The dune formation seen on east coasts was chiefly of tb 
small, slow-growing, secondary type. The dunes at Wauke,tra¬ 
in pact at least, are formed by Juniperus. On the east shores 
Beaver and North Manitou islands, there are a number of* 08 
dunes formed conjointly by Juniperus and Arctostaphylos. T ier ' 


ing here. The Andropogon dunes are better developed on 
fossil beaches of North Manitou island than at any other p 


Juniperus dunes on 


the shore of 


oer. 


lake on Beaver island ; in addition to the procumbent jump 
Juniperus communis and Cra.vlussn.rin resinnsa assist in dune ui 


visited. 


Hud soma 


[Offit ruv*” 


in a small degree to collect the wind-blown sand. On the 

_ r AT .1 . . _ _ _ 


IpDft 


;tle\ 


Manitou 

”7 -~ r - 

forms miniature dunes. 

Near the beach at South Chicago there are swamp) 
sions tenanted by Potentilla Anserina and Polygonum Ho ^ 
plants which are best developed in low grounds but "hi c 
creep up to higher levels. On these higher levels near 
they collect the drifting sand and are able to form lo" ^ 
similar to Arctostaphylos. These plants show a niostsu 
plasticity, since a single individual developed in a sw^nl 
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to adapt itself to a mild type of dune existence. Another 
swamp plant, Cephalanthus occidentalism occurs near the same 
beach and in a similar way helps to build these low slow-growing 
dunes. The conversion of swamp plants to dune plants will be 
discussed more at length in another place. 

Hie most extensive area of dune formation on the beach 
was seen on the west shore of Beaver island. Fig. 6 shows a 



•iunei in the ^ T ^° nic ^ eac ^ Junes at Beaver island. Primary Primus and Salix 
' ;n e>, at the ° re ^ r ° Unc ^ Secondary Arctostaphylos dunes superposed on primary 

C ? ntef ^ le P^ure. Old lines of established coniferous dunes in 

t becoming rejuvenated at several points. 

Wca ise area ‘ This place is of peculiar interest 

rjpl^jjv * Cre * s a perfect series of gradations between the 
•Sri,-*-,' g °^* n S du nes first described and those of the slower 


gron 
the 


mg type - Toward the beach 


‘fore are A, L " v ' lJcacu P ro P cr P u,c ]5 luu 

dune-builrf 008 ormed ^y Salix, Prunus, and other high-grade 

rs< 1 arther back, toward the taller and older dunes 


fig' 
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of a previous epoch, there may be seen low dunes built by Arcto- 
staphylos, Juniperus, and Potentilla fruticosa, small dune excres¬ 
cences on a general dune substratum. The life-history of these 
dunes appears to have been as follows. First a stage of dune 
formation by such plants as Salix, then, as vegetative propaga¬ 
tion allowed these plants to encroach more and more lakcward 
upon the broad beach, new dunes were formed nearer and nearer 
the lake. Or, perhaps, there was a recession of the lake and a 
consequent extension of the beach into new territory; these 
new dunes may have thus been formed farther and farther lake- 
ward, keeping pace with the advancing shore line. In any event, 
the interposition of a new row of dunes between the lake and 
those first formed essentially changed the life conditions on the 
latter. The row of dunes nearest the lake serves as a windbreak 
The first row catches most of the drifting sand, and the second 

D 7 

catches most of what remains. This fact makes it possible for 


th 


the slow dune-formers to inhabit the more inland 01 uic 
Expressed in other words, the high-gradeor primary embryonk 
dunes encroach upon the lake, not by the actual advance of ar. 
individual dune in that direction, but by the formation of ne" 
ones ; in like manner the low-grade or secondarv embryoni- 
dunes encroach upon the former ty’pe, using the topographic 
form of the primary dune as a base of operations, and buildin. 

new r dunes as low excrescences upon the old. 

The advance of a dune area toward the lake, as just described, 
shows how the coastal belt of dunes may grow wider as 
pass by. In another place it will be shown how they 

grow wider by the actual advance of an individual dune up 0 ® 

• * 

the land. In concluding the section on the embryonic dune . 
may be well to emphasize in another way' the radical cl ifferen 
between the two ty'pes that have been discussed. Their i nt ' ffl 
gradation, as shown at Beaver island, is by r no means the uni' 
fact. Perhaps it is even more common for one of tin ^ 
type to leave its original habitat and wander across the c ° unt y 
as an active dune. The secondary type never has that his 
an Arctostaphylos dune almost always grows into a heath- 


r also 


ntimat 

i versa 
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C. THE ACTIVE OR WANDERING DUNES. THE DUNE-COMPLEX. 

i. Transformation of stationary into wandering dunes . 

The symbiotic growth of the beach dunes and their builders 
may go on for years, but a prolonged existence of these relations 
is unlikely. As the mounds get larger and higher the conditions 
for further accumulation of sand become, if anything, more 
favorable. It is not so with the plant tenants, for each year 
they are raised farther from their chief base of supplies, the 
water level. It is probable, also, that the desiccating influence 
of radiant energy and wind upon the aerial organs becomes 
greater and greater as the years go on, because of greater expo¬ 
sure at the higher levels. Again, the dune-formers, although 

perennials, do not have an indefinite duration. The life cycle of 
the cottonwood is relatively short for a tree. All of the other 
prominent dune-formers spread more or less by vegetative prop- 
agation, so that it is difficult to determine a definite life cycle. 
Even though an existence of indefinite duration might be secured 
through vegetative propagation, many individual shoots must die 
,n t,le course of time. - ' . 

one way or another, then, dune formation ceases and 
pother phase of dune history begins. There is here an end of 
e stationary beach dunes, a beginning of the wandering dunes. 
. en plants are no longer able to oppose its progress, the 
effect of the untrammeled action of the wind is seen in 


In 


enc ) 1 ° reshape the topographic forms. 

heretofore rWrik a , 

c utscribedare more or less svmmetri 


The beach dunes 
-are more or less symmetrical, because of the 

entiH^ t0War< ^ symmetrical plant growth. A dune fashioned 

) by the winds without the assistance of plants is never 

has a verv gentle gradient, 
the destructive action of the 


u-t ? etr ’ ca '‘ Th e windward slope 
wi * * about 5 °, and because of t 


,trar <l slope, howev 


V 


(F.Y smooth and 
°<wind. 


slope is topographically' rough and uneven. The lee- 

ever, is much steeper, averaging about 30 » 

even, because determined by gravity instead 


r be w md sweeps up the gentle windward slopes, blow 

oiling the sand along until the crest is reached; here the 
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sand is deposited by the wind and it rolls down the steep slope, 
spreading itself quite evenly. Fig. iy shows an average gentle 
windward slope, figs. 13-13 steep leeward slopes. 

The Prunus dunes are particularlv favorable for a study of 
the origin of an active dune, since their form is most at variance 
with that of the wind-shaped dune, as described above. A 
Prunus dune is commonly a low cone more or less rounded at 
the top. As soon as the plants are dead, and sometimes long 
before that event occurs, the wind endeavors to reduce the wind¬ 
ward gradient by removing the sand toward the top and blowing 

I * 

it over on the other side. In this way the roots are exposed and 

existence made less endurable, if the plant is still living". Prunus 

dunes with roots exposed on the windward side are common at 

Dune Park, Beaver island, and elsewhere. On the terrace at 

Glen Haven, some dunes have been carried beyond their former 

resting place, leaving the scraggy clumps of Prunus roots at the 
rear. 

What has been said of the Prunus dunes holds more or less 
for the other types. The cottonwood dunes especially are pecu¬ 
liarly subject to the destructive attacks of the wind, since their 
shape also notably fails to correspond with that of a nonrur 
wind-made topographic form. The lower Ammophila, Sa!ix. 

and Agropyrum dunes are less likely to suffer destruction, and 
Vet small Ammophila dunes were seen on the dune-complex at 
Glen Haven that had been blown aw'av from their first abode, 
leaving the Ammophila stranded at the rear. Even while Ini 0 !? 
these dune-formers were unable to hold the dunes which the) 

had helped the wind to build ; much more when dead are the 
likely to have the dune swept on beyond them. 

The destructive action of the wind and the transformation 0 

a stationary into an active dune are very much retarded bv 
tenacity with which the stems and roots retain their place, even 
when dead. A plant which thus has the power to hold its p 
tioii k e ep the sand from being blown away is common) 
called a sand-binder. In this connection it may' also be ca 
a dune-holder, as it has been already called a dune for 
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Perhaps the most tenacious of all the dune-holders on the coast 
of Lake Michigan is Calamagrostis longifolia. This grass, as has 
been seen, is not of first importance as a dune-builder, but when 
it has once built up a dune it seems almost impossible to dis¬ 
lodge it. At the left of the bassw r ood tree in fig. 2j, there is 
shown a clump of Calamagrostis directly facing the prevailing 
wind at the summit of a mound, and stubbornly holding its posi¬ 
tion. The leaves, stems, and roots are all stiff and wiry, almost 
perfectly resisting the mechanical action of the wind. The roots 
in the sand form a network so dense that it is almost impossible 
Qr the wind to remove the sand from among them. 


From 


Ammophila 


more successful dune-holder than is Calamagrostis, but its greater 

I 1 ^ 


success is due to its 


extensive vegetative propagation 


The 


S ° C ' a ^ S row ^ s of Ammophila make it difficult for the 

sand ° ^ a S ^ ar ^ * n P rocess sand removal, whereas the 

^ picked up from between the more scattered 

S0 Calamagrostis. An individual tuft of the latter, however, 


Scems to be much 


more resistant than a tuft of Ammophila. 


a £ ros tis, too, grows in more exposed situations than does 
. » rass > anc l hence is a valuable dune-holder in places 

An r m0Phi ' a migHt " 0t thrive at all ‘ 

c ommo ^ Cr n ° teWOrth ' V tme-holder is Primus pumila. A very 
mu* 1 on upper beach is a truncated cone literallv 


roots of the sand cherrv. The wind 


covered f|ni * * * 

taturi c e summ 'f an d sometimes on the sides with a dense 

31 of dead stems and 

nas removed aii +u 

H*ait until h ^ san d which it can reach and is obliged to 
wind to bl 6 S ^ erns an< ^ roots decay sufficiently to allow the 
• s one of ^ lem awa -V anc f g’ct at the sand beneath. Prunus 
process of f° succumb before the dune in the 

s hort, but m Un ^ ^ ornia fiou; perhaps its life cycle is normally 


greater and ^ ^ le process of drawing up water a 

U P the un ^ r ^ ater ^‘stance each year compels the plant to give 

SiiifcL qUa Stru ^ le - 

sooner or lat#f fK j , 

ar e all rerno t oead roots and stems of the dune-holders 

1 and the wind becomes the undisputed master of 
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the situation. If there is a sufficient amount of sand still remain¬ 
ing, the once stationary dune begins to move, not bodily, of 
course, but none the less steadily and surely. The sand is swept 
up the low gradient of the windward side, deposited at the crest, 
and carried down the steep leeward slope by gravitation. In 
this manner successive parallel layers of the windward slope are 
carried over the crest, and the dune as a whole advances inland. 
The simple life-history just outlined is the exception, not the 
rule. Much more commonly the sand is scattered in many 
directions, collecting wherever new lodging places can be found. 
These processes of deposition and removal, dune formation and 
dune destruction, are constantly going on with seeming lawless¬ 
ness. However, in the district as a whole the sand is constantly 
increasing in quantity, whatever may be true of the individual 
dunes here and there. The outcome is certain to be a wander¬ 
ing dune in the process of time, unless the actions of the wind 
and wave are checked. Because of the complexity of the con¬ 
ditions when the movement across the country becomes a con 
spicuous fact, it seems well to apply the term dune-complex to 
the totality of topographic forms which make up the niovin? 
feodscape as a whole. 


biological features of the dune-conipk- 


rolved 


It will not be necessary to trace farther the changes inv 
in the transformation of simple beach dunes into a dune-com¬ 
plex, although the coast of Lake Michigan show's all of the inter 
vening stages. Inasmuch as a single dune-complex illustrates 
almost all conceivable conditions of a dune’s life-history, a care 
ful description of a typical dune-complex will involve all of tl 
essential points. The dune-complex is best developed at Gu - 

Haven, Mich., and Dune Park, Ind. All of the essential feature" 

* - 

are present in both areas, though developed on a grander, 
at Glen Haven. The Dune Park area has been most carefu 
studied, and most of my photographs were taken there. 

The dune-complex is a restless maze. It is a maze 

all things that a dune ever does are accomplished there. 
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there is a general advance of the complex as a whole in the 
direction of the prevailing' winds, individual portions are advanc¬ 
ing in all directions in which winds ever blow. It is not at all 
uncommon to find small dunes advancing over the dune-complex 
back toward the lake. At Dune Park the main line of advance 
is southeast, yet some small dunes advance toward the northwest, 
because taller dunes are situated between them and the lake. 
These little dunes in the lee of large ones are protected from the 
westerly and northerly winds but feel the full force of the east¬ 
erly and southerly winds, and hence advance contrary to the 
prevailing direction. It is thus a common sight to see two dunes 
advancing to meet each other ; when they come together, of 
Course the two dunes become one and move in the direction of 
-he prevailing winds. From this account it is easy to see that 
snia ^ d une s on the complex may advance in any direction, pro- 
\ided only that they are protected from winds blowing in other 

directions. 

- 

he dune-complex, however, is much more than a maze of 
ttle dunes wandering in all directions. At many points there 
e to be found the stationary embryonic dunes that have been 
P 'i°usl\ described. All stages of their life-history may be 

th n beginnin -’ the climax, the destruction. Here and 
1 e the wind sweeps out great hollows, which reach down 

winl^ *° Wa * :er ^ eve l- Great troughs are carved out by the 
an r | ’ a t right angles to the lake, but also at all other 

’ ^ ere and there vegetation has obtained a foothold on 
dune ° m ^ ex ’ ^ lus con verting portions of it into an established 
V(> . ^ ese e stablished dunes may become rejuvenated, or the 

Corn C ^ l0n ma ) f spread until it covers large portions of the 

is iJ » CX ^ le m °st striking feature of the dune-complex, then, 

‘b topographic diversity. 

Mother W ^° V * s ^ s a dune-complex season after season, 
is j ts r ^ture comes to be as striking as its diversity, and that 

the sam eSSness ' From a distance the complex seems always^ 
twice aiijl 3 ^ arren scene of monotony, but the details are never 
g* *. - * ^ kittle dune arising on the complex has become 
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enlarged, another has passed from existence without leaving a 

trace behind. Where a dune was advancing last year, there is 

now, perhaps, a hollow swept out by the wind. Where last 

year was a hollow there may now be seen the beginnings of a 

flora, or again the flora of a former year may have been buried 

out of sight. The dune-complex, then, is not only a maze, but 
also a restless maze. 





flU * '• Trou gh-shaped wind-sweep at Beaver island. Dead roots and branthc* 
^ th*t have been torn up. Embryonic dunes in the background fonnt® 
brought from the foreground. Sparse annual vegetation in the wind-sweep* 


It might seem impossible to unravel the tangled 

H 1 1 n A /% XV 1 • . • a - _ . • „ 


[II ^ 


the dune-complex; it is, indeed, impossible to write the detail 
of its history. There is, however, a simplicity in the complex**) 


While little dunes advance in all directions, the complex a -'/ 1 

>- - • - - • While 


"hole advances in the direction of the prevailing wind. 



m 


v,*. ~r & 

re are troughs at all angles, the main troughs are 
the direction of the wind. The complex is like a river with > 
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side currents and eddies at many points, but with the main current 
in one direction. 

It has already been stated that the windward slope of an 
advancing dune is very gentle, averaging perhaps about 5 0 . 
I hat portion of the windward slope up which the main wind 
currents pass is also trough-shaped and may be called a wind- 

% m 


• wec P- Fig. 7 shows a small trough-shaped wind-sweep at Beaver 

! 0 n J • 1 L ^ 1 1 a • r « • «• _ « ** 1 1 1 1 



; the direction of advance is from the foreground to the 
hick-ground. In the path of the wind there may be seen dead 

branches, the remnants of a vegetation that has been swept 
sa,iy. In the background are small dunes which have been 

°rn<ed by sar >d carried along the trough by the wind. A wind- 
“*“®p more characteristic 

Here, likewise, the prevailing wind direction 


swe 

n 


fig 

up the 


/ *^ic, likewise, the prevailing wind direction is up the 

Xtfrt e slope away from the foreground. At this particular place 

* )ue ’ s ' n rea Iity much more of a trough than is shown in the 
! otograph, since there is a conspicuous rise both at the right 
in d at the left. Just beyond the pines in the background there 

W pF ^ downward, the advancing lee slope, 
he most- remarkable wind-sweep at Dune 1 


d 1 “ USL ' remarkable wind-sweep at Dune Park reaches 
n a m ost to the water level, appearing like a canon, by reason 

C, t its r . * . 1 , TL • 


SW 


9 11 L~J ^ 

steep sides from ten to twenty meters in height. This 
j most of the troughs, is curved so that a wind enter- 

, w * aS a nort ^west wind becomes a west and finally a south- 
'' ln d, and actually contributes to the advance of a dune 

in con ^ C ^ a ^ e ’ as " in be discussed more fully at another place 

,..i; . f tion 10. The concentration of the wind energy 

»ntch , ■ ■ .'jaBB 1 1 K'l 

8forge-like wind-sweeps permit is something remark- 
place is the destructive power of the wind upon 



able 

the 


flee 


At 


ation felt more keenly than along the sides of these 

'Cru-m.) _ J o . 


l ,er wind-sweeps 

part of x nc loregr 

^ of these troughs, and gives a vivid impression of the 


fig 


*md 


h 


s de structiveness. 

rh e adva 


lave 


a 


9 

ancing lee slopes, as has been previously mentioned, 

gradient in the The slope is 


exactly th ^ le neighborhood of 30 . j-uc - 

at which sand, whose grains have the size and cohe 

o 


The slope is 


198 


BOTANICAL GAZETTE 



siveness there found, will lie. Figs. 9 , ij, 14, and 13 give some 
conception of the striking features presented by a landscape cl 
which an advancing dune forms a part. Nowhere can there be 
a sharper line in nature, nowhere a more abrupt transition. The 
height of these slopes above the country on which they are 
advancing varies from almost nothing up to thirty meters at 
Dune Park. The Glen Haven dunes are far more imposing, since 
there is an almost unbroken line of advance for four kilometers, 
while the average height is from thirty to sixty meters above 
the territory on which they are encroaching. 

The vegetation of the complex proper is exceedingly sparse. 
In the winter it appears almost a barren waste. The one [>lant 
which seems to be at home in all locations, whether wind-swetp> 
exposed summits, or protected lees, is the bugseed, Conspcrnv >lf 
hyssopifolium. This plant is an annual, and has been previous 
mentioned as a tenant of the beach and the beach dunes. The 
bugseed is shown in several of the photographs, but best in the 

winged and readily 


fig 


The seeds are 


dispersed by the wind. Furthermore they germinate raj 
during wet spring weather. This power of rapid germination is 
a necessary condition of success, since the surface layers of 'an- 
di\ off very quickly after the wet weather has ceased. Thepa*-- 
are obliged not only to germinate rapidly but also to send roo^ 
deep enough to reach beyond the surface desiccation. E u ‘ 
this perfectly successful plant species is often absent from brg 


areas on the dune-complex, probably because of the clifti cUlt . 
which the seeds meet in finding lodgment. It is only an eXC^P' 
tional seed which is allowed to remain stranded on the comp 
and many of the seeds which succeed in finding lodgment 
likely to be buried too far below the surface to permit ge 


nation. 


the c< 


rntt 


nother plant which deserves especial mention 13 
Uo °d, Fop id us mo ml if era. The plasticity of this species is re 
able. Normally at home along protected river bottom-* 
}et able to endure almost all of the severe conditions® 

dune-complex. Mention has been made of its im 
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dune-former, and fig. 5 shows a group of cottonwoods on an 
embryonic dune partially buried by the sand. Photographs 
might have been secured showing trees, presumably fifteen meters 
in height, buried up to the topmost branches and yet alive and 
vigorous, fig, 8 (taken in the winter) shows a vigorous clunij 
of trees, high up on the dune-complex, with their roots exposed 
by reason of the removal of the sand from around them. Mud 
more striking examples than this have been seen of living trees 
standing high up in the air, and yet with no apparent injury. I 
one respect the cottonwood is a hardier (slant than Corispermum, 
it is a perennial and hence passes the winter on the dunes, D 
the summer the winds are much more moderate, and the chances 


of being covered or uncovered are more remote. 

Two grasses are more or less at home at many places on the 

complex, Ammophila arundinacea and Calamagrostis long]^ 

Of these the latter is the hardiest and most typical of ex P 0S '' 

2 ?. The tenacity with 


fig 


which Calamagrostis holds its ground has already be 
tioned. On the Glen Haven complex, Ammophila is parti 


P 1 


icularly 
_ .3 look 

here, the 


almost like a field of grain from a distance; yet even 
luxuriant growth is only in the protected places, and none a 

is found in the most exposed situations. 

The reasons for the scanty plant life on the exposed P° 
of the dune-complex are not far to seek. First ot a ^ 
due to the scarcity of water in the soil. Even after a lon r r 
of drought in summer, the sand is cool and moist at as 

^ r onrl 3Ct * 

tance below the surface. The upper dry' layers ot s< 
non-conductor of heat and prevent the evaporation o t ^ ^ 

that lies beneath. The height of the underground wa^ 

beneath the dunes was not ascertained. Indeed it 1S J ^ 
necessary to determine where this level actually re~i 
there is enough water far above it to support a luxuri 
tion, if that were the only' factor concerned. 


a the s caDt - 
iand ’ 


In spite of the water supply' in the dune s 
flora of the complex is characterized by the poa> eS 







1 * 99 ] 


DUNE FLORAS OF LAKE MLCHLGAN 


201 


most pronounced xerophvtic adaptations to be found in this lati¬ 
tude. These xerophvtic structures will be discussed in the sec¬ 
ond part of this paper. At this point it is necessary only to state 
that in the main they are to guard against excessive transpira¬ 
tion, such as is induced by the unusual exposure to wind, heat, 

• nd cold. In a certain measure one might attribute these xero- 
phjtic adaptations to an insufficient amount of water in the soil, 


since ’ were they absent, the soil water would soon be used up. 
hi.t it is much more important to discriminate, as ecologists are 

now coining to do, between conditions in the soil and those in 

A plant may have its roots in the water and yet be 


e air. 


exposed to a xerophvtic air; in that case the aerial organs will 
< provided with xerophytic adaptations, as is the bulrush, 
bchimper, in his recent plant geography, goes still farther and 
ca b sonic plants hygrophytic at one season and xerophytic at 
other. Perhaps the ultimate definition of a xerophyte will be 
I ant that is endeavoring to reduce its transpiration 

Directly 


y or indirectly, the wind is the factor primarily 
^ or Die scarcity of vegetation on the dune-complex, 
j n ^ a ^’ as ^ as stated, the wind dries up the soil and 

cf ‘h eS inspiration. Incidentally, too, the mechanical action 
, v ' n d in connection with the sand-blast is destructive to 
fnl ° n car Dinal destructiv'e influence of the wind, 

Dant ’ nsis ts in its power to cover and uncover the dune 
t j W ° P^ an ^ s have been referred to as peculiarly well 
a SJna jj J°|^ Une ^-' or i s P err num and Populus. The former is 
to an r ’ anc ^ nnable to endure either covering or uncovering 
^’•ration ^ eX ^ en ^’ This plant, however, is an annual of short 
*in<i act j n< ^ ^° es no ^ ex ist during the periods of the greatest 

withstand ^, 0nWO0 ^’ vv hich has been shown to be best fitted to 

first » C ‘ nsta hility of dune conditions, might be expected 
st lo o-rnw , . ’ 6 , 


« first » U,1U ) OI au 

pov,. rs ( c,row * n abundance 

IT S . of enduranM 


- , — 0 * 

there. It has almost unlimited 


1 v.*r C( i , Urance in all conditions of exposure; it may be 

4 depth of e * U ^ Cr ^ ranc h es » or may have its roots uncovered 


two or three meters, and yet flourish. Its failure 
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to make any considerable headway on the complex is due partly 

to its relative inability to extend its area by vegetative propaga- 

•/ 

tion, partly to its short life cycle, and partly to the impossibility 
of germination. Thus a group of cottonwoods, which germi¬ 
nated when the conditions were more favorable and have been 
able to withstand the severe environment of the dune-complex, 
cannot appreciably extend their area, nor can they live for 
many years. New trees cannot take their place, because of the 
inability of the cottonwood seed to germinate on the higher 
exposed portions of the complex. These seeds sprout much 
more slowly than those of the bugseed, nor could the you% 
plants withstand the winter conditions on the complex, even 
should they germinate. Furthermore, the likelihood of any 

«/ Lv I 

considerable lodgment of cottonwood seeds is excluded by t eir 
light cottony appendages. 

I-VThe University of Chicago. 


[To be concluded .] 


